




Yany dlUps and sills have been comtmcted on Che~ry Cyeek 
l o r  the purpose of preventjag degradation 'of the channel in md ,above 
the  c i ty  Units of Denver. ?he existence of these*degradation check  
affords an excellent oppoPerurity t o  c o l p ~  .the ; to ta l  ,sediment load 
r l t h  the suspended sediment load as measured d t h  a D*Bshand a-ler. 
men  the .Corpe of Engineers annowcad t h a t  water7wUch M b e e n , . L  
pounded behind the Cherry,Creek D u . a s  to b. {relaaead on 'April ll, 
1950, it was decided t o  utilime the oppcrtrmity '%o 'take uu .a~~~pcon&d 
and totd-load sedi.umt samples. Thio s t u Q  me undertaken p r b a r i Q  ,' 

f o r  the purpose of obtalnhg data on the auouat lad type of bad load , '* 

carried bp Cherry Creek. Bsd 'load, as defined fop tNs report, I 8  : , 
the difference between the masmrd t o t a l  l m d  and the a a a u n d  sw- - ' 

pended load within a given section of the  s tram. It m s  also hoped 
tha t  some h f o m t i o n  could be obtained on aggradation o r  degradatinc. 
of the channel between the Cherry Cnek r).. and the conRu.nce @i. 
Cherry creek -and the South P la t t e  River. 
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This atudy was i n i t i a t ed  by. E. W. Lane. Both he and 
1. M. Borland provided supervision and t e c h n i c l  advice. Charts and 
apecial sampling equipment were furnished.by the Distr ict  Office, 
Corps of Engineers. U. S. Department of the  Army, Denver, Colorado. 

PreliPPinapy Field Work 

On April 10, 1950, an inspection t r i p  of the Cherry+Creek 
channel, from the mouth upstream t o  the Cherry Creek Dam, a s  completed 
by E. IT. Lane, E. 3. Carlson, and C. R. U e r .  Notes on the channel 
condition were taken, and measurements of t h e  .drop in -rater :surface .at 
the various dans and sills were nude for  future reference r e h t i v e  t o  
aggradation o r  degradation. 

Two dams or  stream-bed drops were chosen fo r  the locations 
of the sediment sampling during the period .of water release. These 
drops were approdPately 4.18 and 4.46 lilea, mapectirely, b e l n  *$he 
Cherry Creek Dam a s  indxcated on Figure 1. Typical samples of the  
bed material were taken a t  these drops f o r  future anal&,s. . 
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The f i e ld  work of the sampling program was carried out 
on April 12, 1950, under the supervision of L. Y. Seavy. Aeeiating 
in the f i e l d  work were E. L. Panbarton, F. T. Brand, A. C. Carter, 
0.  C. Hanaen, and C. R. Miller. 

The two drops which were chosen durln~ the preliminary 
f i e l d  t r i p  were numbered Drop No. 1 and Drop No. 2, respectively, 
i n  a downstream direction. These drops, which include the roach 
bmediately upstream, w i l l  be referenced by thio nomenclature through- 
out this report. 

The procedure i n  the v ic in i ty  of each drop consisted of the 
f o l l d n g  operations: 

1. The slope of the water surface was determined fo r  a 
distance of 1,000 fee t  above the drop by levelling t o  stakes driven 
t o  the water surface near the drop and a t  a point located 1,000 
fee t  above the drop. The elevations obtained were checked a t  t he  
completion of sampling t o  see t h a t  no major change i n  the water 
stage occurred. 

2. A cross section located approximately 500.feet above 
each drop was selected for  the suspended sediment sampling and 
discharge determinations. 8edia)ent samples were takkn a t  various 
points acPosa the stream as determined by dividing the stream i n t o  
portions of equal flow-volumes and taking two sample8 i n  each flow 
division. Standard procedure was foilowed using a D-48 suspended- 
sediment hand sampler. 

3. Total-load samples were taken at the drop with the D-48 
suspended sediment hand sampler. Because of the nature of the 
drops, it was possible t o  lower the nozzle of the ampler  t o  the  
stream bottom and thereby measure the t o t a l  load (Figures 5 and 6). 
Samples referred t o  as open-neck samples were those obtained by 
lowering a bot t le  without the sampler apparatus t o  obtain sediment 
aizss la rger  than accommodated by the  nozzle of the sampler. 

4. The number of sedjiment samples taken a t  each croea 
aectfon a re  shorn i n  the fol1,odng table: 



Drop sample8 neck e e m p l ~  Total 

No. 1 16 U 2 32 

Photographs of the  stream cross sections used f o r  the  
sampling operation and of the  b1*8 hand sampler appear in Figures 2, 3, 
4, 5 ,  6 ,  and 7. 

A l/4-inch nozzle was used with the D-48 hand samplez; 
however, in taking the  total-load samples as s t a t ed . in  Item 4 of t he  
procedure, it was apparent that aome of the par t ic lea  were of a s i s e  
not l i ke ly  t o  enter the  nozzle. The .open-neck samples, therefore, 
were taken i n  an attempt t o  pick up this unmeasured load. Because of 
the  l imited supply of sempling bot t les ,  it waa not possible t o  take 
more open-neck samples. r ow ever : examination of the  aim-analysits 
curves indicates  t h a t  the  s i ae s  l a rge r  than the nosfie W t e r  were 
a small percent of t he  t o t a l  measured e e b e n t  load. I n  measuring 
the  t o t a l  load the  nozzle, o r  bo t t le ,  i n  the  case of the open-neck 
samples, was lowered u n t i l  i t  touched the  edge of the  drop, In the 
process of taking the  suspended samplee, it was noted t h a t  the stream 
bed was shif t ing.  Visible evidence of this condition uas provided by 
moving sand bake. 

The following i s  a t a b l e  of the  resu l t8  of t he  measurerpente 
made i n  t he  f i e ld :  

Drpp Slope Width , Meandepth Discharge - b 
No. 1 .00469 l.45 fto 0.35 ft. 156.8 c i a  5 9  F 

No. 2 .00420 l& ft. 520 p 

Graphs of width versue depth and veloci ty  relationships 
appear in Figures 8 and 9. 



The 60 samples taken i n  t h i n  program were analyzed f o r  con- 
centration and s ize  dis t r ibut ion under the  supervision of 0. S. Haneon 
i n  the aediment analysis laboratory of t he  Hydraulic Laboratory, Bc 
search and Geology Division, Branch of Design and Conetruction. 

The bo t t l e  and e n t i r e  sample as  received i n  the  laboratory , 
were weighed on a bUance t o  the  nearest 0.1 g. The eamplea were then 
allowed t o  stand f o r  a period of a t  l e a s t  48 hours and the  c lear  water 
siphoned off. The sediment aamples were washed intcr 50 ml beakers of 
known weight and dr ied i n  e l e c t r i c  oven at a temperature of 1100 P. 
Empty sample bo t t l e s  were then weighed, and the net  weight of total 
sanple was computed. After thorough drying the  50 nil beakers containing 
the  sediment samples were reweighed t o  f ind  the net waight of t he  sedi- ; 
ment. From these data the concentration i n  each sample was found by 
-the formula: 

Concentration i n  ppm z weight of wdiment 
weight of t o t a l  sample 

x 1,000,000 

The following tab le  shows t h e  concentration found f o r  each sample and 
the  average concentration i n  each section: 

Drop Smple Verticals 

Wo.1 Suspended 2632 3290 2950 2%3 2747 2669 3% 7304 3169 
2888 3974 2724 '2406 2630 2750 2982 2507 

Total 8151 4946 42900 18780 4246 15263 2b146 138810 
8220 8693 20051 20959 3339 '11638 3048 

+Open neck 68d+l 3009 4952 

Wpen neck 15W7 5029 10220 

Wpen neck samples taken in .%tempt t o  pick up  particle^ too lug. 
t o  enter  l/4-inch n ~ s l e  during t o t a l  load sanplhg .  

. ' 



l i t e r  obtaining the  concentrations of the  i n d i v i d w  samples, 
t he  s~unples 4 r e  comblned for the  purpoaa of making a s i z s  mmlyaie. 
I n  t N a  oparation a l l  of the samples of a par t icu lar  type, i...., 
muspended-load, o r  total-load, o r  open-nneck, which were cbt-d st a 
cross section, were composited. These composite samples ware then 
nrahsd through a 200-mesh scnen .  Thr sand retained on the screen was 
af&yzsd by sieving through U. S. St8.nd.rd acreens Noos. 10, 18, 35, 60, 
120, and 230. That portion of each composited sample tha t  pamad the 
,200-mesh s c n e n  was allowed t o  sstt1.e and the c l ea r  water siphoned off. 
The balance of the sample was s p l i t  i n t o  two portions, redispersed i n  
d i s t i l l e d  water, and analyzed by ths:bottom withdrawal tube method. 
The open-neck sample f r o m  Drop No. 1 contained such a saall quantity 
of sand t h a t  the  e n t i r e  sample was analyaed bg t h i s  method. 

Procedures used i n  the bottom withdrawal t,ube analysis were 
those rncommended i n  Report No. 7, "A Study of New Methods f o r  Size 
An~CI.ysis of Suspend~sd Sediment Ssunples, June 1943, published by 
St. Paul U. S. Engillsera District, Sub-Office, Iowa City, Iowa. W i t h -  
drawal f ract ions were f i l t e r e d  through Oooch crucibles using asbestos 
f i l t e r  mats. A l l  weighing was done on a chain-o-=tic balance w i t h  
an accuracg of 0.0001 g. 

Figures 1 0  and ll show size analysis curves fo r  the  suspended- 
and total-load samples. 

A sieve analysis was a l so  made of the  two bed-saterid samples 
taken from the  dry bed of the stream inmediately above Drops No. 1 and 
No. 2 before the  release of the  impounded water. Figure 12 shows the 
siae-analysis curves f o r  theae.smples.  

S b  very l i t t l e  change occurred in the streambed elevations 
during t h l a  r e l ease ,no  information was obtained on aggradatim o r  on 
degradation of the  s tnm bed. Data obtained at  this t h e  dl1 be kept 
on Sf le  and used f o r  future  reference a f t e r  re leases  of la rger  and longer 
duration are aade. 

Analyses of these data show t h a t  p rac t ica l ly  the en t i r e  ailt- 
s i l o  load carr ied bg t h i s  strew.moves in.suspension. The concentra- 
t i o n  of a l l t s i s e s  was the  same4in both suspended- and total-load 
samples. Since therekwas no 8 i l t  aiac present i n  t h e  bed material, 
t h i s  en t i r e  silt load must be coming from some upstream location and *is 
car r ied  through this reach without s e t t l i n g  t o  the  bed. The following 
table.8hors suspended and t o t a l  loads and sfit f rac t ion  thereof: 



tons per tons per Susp. Total tons per tons1 per 
Drop day day percent percent dw fIay 

NO. 2 1208 2339 43.5 28.5 525 666 

To a r r ive  a t  a f igure  for  the  bud load carried by Cl.ierry 
Creek, the difference between the measured suspended and tota'l  loads 
was assumed t o  be t h e  bed load. A 8  can be seen i n  the  t ab l e  !above, 
the samples taken 8.t the *,pro sections agree very w e l l  as f a r  a8 the  
suapended load i s  e:oncerned. The total--load measurements, however, 
show a wide variathon. This r e su l t s  i n  en ra ther  wide variat:lon i n  
t he  bed-load figures. The tab le  below chows t h e  bed load a8 determined 
i n ' t h i s  manner and t h a t  obtained by various bed-load fan nu la,^. In 
computing the  bed load by use of the  formulas, a mean diameter of 0.64 rmu 
a t  Drop No. 1 and 0.53 mm at Drop No. 2 was used, except i n  applying 
Eins te inss  formul,a where the diameter used was O.k6 mm. The bed-matarrial 
load is  t h a t  portion of t h e  t o t a l  load which contain8 the  hed-material 
s i ze s  and which i s  determined from the siae-analysis curve*. 

Measured load 
Total Susp. Bed - 

5355 

1133. 

Bed- 
m - t e r i a l  

load 

Computed berl laad -- 
Straub &/ Einstein Y 

I -  

2428 2302 

2003 'LO22 

Sehok- 
l i t s c h  1 
_I- 

In order t o  provide a means of estimating the bed load 
carr ied by :streams where suspended-load data a re  available, an attempt 
has been made t o  develop the  bed load a s  a percentagft of the  suspended 
load or  of t h e  t o t a l  load. The pwcen'lcage figures f.ir these data are 
shown below: 

)$Detritus T r a n ~ p o r t a t i o n , ~  House Doxcuent No. 238, 
738 Congress, 2d session, Misaouri Ehiver, 1935, pp. 1124-1150 

Einatein, H. A., tlFormulas for  the Tranaporta'tion of Bed 
Load," Transactions, A.S.C.E., New York, A.S.C.E., 1942, Vol. 107, 
pp. 561-571, 

2/ Shuli ts ,  S., ''The Schoklitsch Eed Load Formula, " Engineering, 
London, June 1935, pp. 644-446 and 6W 









) k g i n g  station 500 feet above let drop downstream from 
C h e w  Creek Dam. 

(b) location the same as in (a) abo~-e. V i e w  from left ba 
looking towards right bank and slightly upstream. 

DISCHARGE & SEDJNEW' MEASllHDENTS 
CHERRP CREEK] coa .  4/2/50 

FIGURE 2 



1st drop on Cherry Creek 
below Cherry Creek Dam. 
Total load eedimeat 
measurement e being 
obtained. 

(b) Gaging station 195 feet above 2ne drop downstream frm 
Cherry Creek Dam. 

DISCHARGE & SEDIMENT MEASWBMEXI'S 
(XzEzRY CREEK, COW. 4/2/50 



(a) 2nd drop on Cherry Creek below Cherry Creek Dam. 

(b) V i e w  taken from left bank at 2nd drop below Cherry Creek 
Dare - looking upetream - 1st drop in background. 

F I G U R E  4 





lkog Bo. 2-Site of t o t a l  load eamplea. 
Iacation: 4.46 miles downstream from Cherry Creek Dam. 



Type ~ - h & - ~ u s ~ e n d e d  sediment hand sampler used in suspended 
and tota l  load sampling of Cherry Creek. 

FIGURE 7 
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